Background: Surveys such as the Behavioral Risk Factor Surveillance System (BRFSS) collect only self-reported data on height and weight to estimate obesity prevalence rates. Because of biased self-reporting of height and weight, obesity prevalence rates reported by these surveys are too low. Objective: To develop regression models that can predict corrected height, weight and obesity prevalence from self-reported data, as well as to compare obesity prevalence rates based on self-reported and modeled data and test for trends in obesity prevalence by gender, age and race/ethnicity. Design: Data from the National Health and Nutrition Examination Survey (NHANES) for the period 1999-2006 were used to develop regression models to predict corrected height, weight and obesity prevalence. Regression coefficients estimated from these models were used to predict corrected height, weight and obesity prevalence for BRFSS data for 1999-2007. Results: Self-reported weights for males were higher by 0.1-0.2 kg and lower by about 1.25 kg than corrected weights for females. Underreporting of weights was lowest for Hispanics when compared with other race/ethnicities. In addition, underreporting of weight increased with an increase in body mass index. Self-reported heights for males were higher than corrected heights by about 2 cm, and for females, by about 1 cm. Overreporting of height increased with an increase in age. Self-reported obesity prevalence was 4.5-5.8% lower than corrected rates for males and by 4.4-5.1% for females. Underreporting of obesity prevalence increased with an increase in age. Obesity prevalence rates increased over time for each gender, race/ethnicity and age group for BRFSS data. Conclusion: Obesity prevalence calculated from self-reported data is too low and should be used with caution for health-care planning purposes. When it is not possible to have measured data, corrected heights and weights may be predicted by using models such as those presented by us from a relatively large data set that has both measured and self-reported data.
Introduction
Obesity continues to remain a major public health issue. A comprehensive review 1 of the medical hazards of obesity has reported links between obesity and high blood pressure, abnormal blood lipid levels, coronary heart disease, diabetes, gallbladder disease, decreased respiratory compliance, higher mortality rates for certain types of cancers, higher uric acid levels and arthritis. Obesity has also been found to be a risk factor for diabetes, [2] [3] [4] [5] hypertension and stroke, [6] [7] [8] myocardial infarction, 9 certain cardiovascular events, 10 certain types of cancer, [11] [12] [13] depression, 14, 15 postoperative complications, 16, 17 excess mortality, [18] [19] [20] [21] [22] functional impairment, 23 development of chronic Hepatitis C, 24 psychiatric disorders, 25 adverse health-related quality of life, 26 common chronic diseases 27 and adverse pregnancy outcomes. 28, 29 Persons with high body mass index (BMI) or obesity have a worse prognosis for breast cancer, 30 compared with persons with lower BMI.
Thus, directly or indirectly, obesity imposes a huge burden on society in terms of the health-care resources that are needed, as well as the economic and mental cost associated with its prevention and treatment. As such, it is essential that the prevalence of obesity be estimated as accurately as possible. This will enable policy makers to plan for and set aside resources for the development of prevention programs and a health-care delivery system.
One of the largest surveys that provides national, state and local level data is the Behavioral Risk Factor Surveillance System (BRFSS). 31 However, the BRFSS collects only selfreported data for height and weight, which are used to compute BMI. BMI, calculated as weight in kilograms divided by the square of height in meters, is then used to classify those with a BMIX30 kg m À2 as obese and those with BMIo30 kg m À2 as nonobese. However, because of biased self-reporting of both weight and height, obesity prevalence determined from surveys such as BRFSS underestimates prevalence by 9.5% 32 for US adults aged 20 years and above for BRFSS 1999-2000, compared with the National Health and Nutrition and Examination Survey (NHANES), 33 and the degree of underestimation varies among different demographic groups. 32 As part of NHANES, 33 trained technologists measure weight and height in a mobile examination center, as well as collect self-reported weight and height in the home interview portion of the survey. BMI is computed from measured data. Data collected in both ways provide an opportunity to model a relationship between self-reported and measured data. The parameters determined from this model can then be applied to BRFSS 32 data, enabling computations of corrected obesity prevalence rates. Nyholm et al., 34 using data from a cross-sectional study of 1703 subjects aged 30-75 years from the community of Vara, Sweden, developed regression equations to predict corrected BMI from self-reported BMI with adjustments for age, education, leisure time physical activity, smoking and selfrated health. Although for self-reported data, the sensitivity of obesity was 70% in males and 82% in females, the sensitivity of obesity for model-corrected data increased to 81% for males and to 90% for females. Even though they used both polynomial and exponential regression to predict corrected BMI from self-reported BMI, they found linear regression to be most appropriate for that study. Although the model developed by Nyholm et al. 34 was useful for the Swedish population in increasing the sensitivity of obesity, this model is not likely to be useful for US data because of the differences between racial/ethnic compositions in the Swedish population compared with the US population. Assuming that misreporting of weights and heights varies by race/ethnicity, a model developed for the US population should also include race/ethnicity as a covariate. In addition, as different gender and race/ethnic groups may misreport their weight and height to a different degree, it is likely to be beneficial to first develop a model each for weight and height, with race/ethnicity as a covariate, and then compute the corrected BMI from corrected weight and height. In addition, as it is possible that males and females may have different relationships between corrected and self-reported weights and/or heights, it is useful to develop separate models for males and females. In fact, in a preliminary investigation using NHANES 33 2005-2006 data, we found that, although obesity prevalence using measured data was 33.5%, by using modeled BMI C , obesity prevalence was estimated to be 31.5%, an improvement over the 29.6%, which was based on self-reported data. However, when we used BMI CC , computed from corrected weight and height, the estimate of the obesity prevalence rate improved to 33.5%, equal to the measured data. Thus, BMI CC was a better predictor of obesity prevalence.
In another study, Ezzati et al. 35 fitted linear regression models between self-reported weights and heights from the BRFSS survey and measured weights and heights from NHANES for the years 1988-1994 and 1999-2002 for males and females separately. Using the corrected weight and height from these equations for BRFSS, they computed corrected BMI and obesity prevalence rates and compared them with self-reported BMI and prevalence rates. The differences between corrected and self-reported BMI and obesity prevalence rates were greater for females than for males. They found that, on an average, self-reported weights for females were lower than corrected weights, but for males, this was not true. Self-reported heights for males under 65 years of age were higher, compared with corrected heights. The same was true for females, but to a lesser degree. Using data from NHANES III, Villanueva 36 showed that, whereas the difference between measured and self-reported weight for females was 1.63 kg, the same difference in males was À0.24 kg. They also reported that non-Hispanic Black and Mexican-American males were, respectively, 66 and 16% more likely to overreport their weight compared with nonHispanic Whites. Hence, race/ethnicity does have a role in under-or overreporting of height and weight. We plan to test for these differences in this study. Villanueva 36 also reported that the discrepancy between self-reported and measured weight is positively associated with age. Engstrom et al. 37 did a comprehensive review of literature on the accuracy of self-reported height and weight in females. Of the 35 studies that they reviewed, 18 were of women from the United States. Among the studies from the United States that were primarily based on NHANES II and III data, females overreported their height from 0.04 to 2.53 cm.
From the results of a British study, they discovered that the degree by which females overreport their height increases with an increase in BMI. Similarly, from among studies from the United States, weight was underreported from 0.56 kg to 42 kg. From the results obtained from the same British study, they discovered that the degree by which females underreport their weight increases with an increase in BMI. In this paper, using NHANES data for the years 1999-2006, we present four regression models, one each for males and females, for both corrected weights and heights. The possibility of nonlinear relationships between corrected and self-reported heights and weights will also be evaluated. In addition, we plan to include race/ethnicity as one of the independent variables in each model. In a preliminary investigation, for NHANES 1999 NHANES -2006 33 data, we found that race/ethnicity alone accounted for 2.2 and 3.5% of the total variance in the models for corrected weights for males and females, respectively. In the models for corrected heights, Regression model to predict obesity prevalence RB Jain race/ethnicity alone accounted for 10.3 and 7.5% of the total variance for males and females, respectively.
Methods
In this study, we first downloaded publicly available NHANES data for the period 1999-2006 33 for all adults aged 18 years and above. All females who were determined to be pregnant by a urine pregnancy test were excluded. The unweighted sample size was 20 006. The sampling plan for NHANES is a complex, stratified, multistage, probability cluster designed to be representative of the civilian, noninstitutionalized US population. 33 Sampling weights are created in NHANES to account for the complex survey design, including oversampling, survey nonresponse and poststratification. Data are collected through a household interview conducted by a trained interviewer, and a standardized physical examination is conducted in a mobile examination center. As mentioned before, separate regression models were fitted to predict corrected heights and weights for both males and females. In each case, the dependent variable was measured height in meters (or weight in kilograms) and independent variables were self-reported height in meters (or weight in kilograms), age used as a continuous variable, gender (males, females) and race/ethnicity (non-Hispanic Whites, non-Hispanic Blacks, Hispanics, other non-Hispanics). Each model also included quadratic terms for both age and height (or weight). A backward elimination approach was used to finalize the regression models. If the slope for an independent variable was not found to be statistically significantly different than zero at a ¼ 0.05, that independent variable was excluded from the model.
It should be noted here that, although almost all NHANES studies report race/ethnicity categories as non-Hispanic Whites, non-Hispanic Blacks, Mexican Americans and other races, for this study, in order to be compatible with race/ ethnicity categories available from BRFSS data, we integrated Mexican Americans and other Hispanics from NHANES data to create a new category for all Hispanics.
Specifically, the models we tried to fit were were then applied to the BRFSS data for each year to estimate corrected height, weight and BMI for BRFSS data. SUDAAN Proc DESCRIPT was then used to compute and compare mean self-reported and corrected heights and weights. We also used SUDAAN Proc DESCRIPT to compute the prevalence of obesity from both self-reported and corrected BMI. Finally, SUDAAN Proc CROSSTAB was used to assess whether increasing trends in obesity prevalence over time were still evident for the nation as a whole.
Results
For all the model results given below, NHB ¼ 1 indicates that the subject is non-Hispanic Black, otherwise NHB ¼ 0; H ¼ 1 indicates the subject is Hispanic, otherwise H ¼ 0; and AO ¼ 1 indicates the subject belongs to a racial/ethnic category Regression model to predict obesity prevalence RB Jain other than non-Hispanic White, non-Hispanic Black and Hispanic, otherwise AO ¼ 0.
Models for corrected weights
For the first model fitted for males, the quadratic term for selfreported weight was not found to be significantly different than zero (P ¼ 0.30). Thus, the quadratic term for self-reported weight was removed from the model and the next model without this term was fitted. In this model, the quadratic term for age was also not found to be statistically significantly different than zero (P ¼ 0.33). Thus, the final model with an R 2 of 95.1% for weights for males without the quadratic terms for age and self-reported weight was as follows:
The standard errors and P-values for intercepts and regression coefficients are given in Table 2 . It should be noted that even though slope for age was not statistically significantly different than zero (P ¼ 0.39), we thought that age was too important to be excluded from the model. The percentage of predicted values within ± 5% ( ± 10%) of the measured values for this model was 77% (94%). For the model without age, the percentage of predicted values within ±5% (±10%) of the measured values was 76.5% (93.9%). Thus, even though the age was not a statistically significant predictor in the model presented above, inclusion of age did provide a slightly better fit. Inclusion of age in the model also provides for a possible relationship between age and corrected weights in future data sets.
In females, for the first model that we fitted, the quadratic term for age was not found to be statistically significantly different than zero (P ¼ 0.69) and was excluded from the final model. The final model for females with an R 2 of 95.4% was
The standard errors and P-values for the slopes are given in Table 2 . The percentage of predicted values within ± 5% (±10%) of the observed values for this model was 77.3% (94%).
Models for corrected heights
The final models for corrected height for both males and females included quadratic terms for both age and selfreported height. The fitted model for males with an R 2 of 87.3% was The standard errors and P-values for slopes are given in Table 2 . The percentage of predicted values within ± 5% The standard errors and P-values for intercepts and regression coefficients are given in Table 2 . The percentage of predicted values within ± 5% ( ± 10%) of the observed values for this model was 97.4% (99.9%).
The sensitivity of obesity using self-reported data defined as the 100 Â (weighted number of obese subjects based on self-reported data/weighted number of obese subjects based on measured data) for the overall population and also for males and females was 83.8, 84.5 and 83.2%, respectively. The sensitivity using predicted data defined as the 100 Â (weighted number of obese subjects based on corrected data/weighted number of obese subjects based on measured data) for the overall population and for males and females was 92.1, 92.3 and 91.9%, respectively. Hence, the prediction model improved sensitivity by 8.3, 7.8 and 8.7% over selfreported data for the overall population, males and females, respectively.
The mean differences between predicted and measured heights and weights with their standard errors by gender, race, age and BMI categories are given in Table 3 . The P-values for the paired t-test are also given. As can be seen, the mean differences for weights were not statistically significantly different than zero by gender, race and age, except for the 50-59-year age group. However, weight was overestimated by about 1.7 kg for underweight subjects, overestimated by about 0.7 kg for healthy weight subjects and underestimated by about 1.0 kg for obese subjects. Height was, however, always underestimated (Po0.001) by o1 cm for every gender, race, age and BMI category.
Overall, compared with corrected weights computed using NHANES-based prediction equations, self-reported weights (Table 4) in BRFSS data were lower than corrected weights by about 0.5-0.6 kg for the overall population for each BRFSS survey year. For males, however, corrected weights were lower than self-reported weights by about 0.1-0.2 kg, whereas for females, they were higher by about 1.25 kg. For all age groups except the X70-year group, self-reported weights were lower by about 0.5-0.6 kg, as compared with corrected weights, and there was not much variation over different survey years. For the X70-year age group, selfreported weights were lower by about 0.1-0.2 kg. Although for all race/ethnic groups, self-reported weights were lower than corrected weights, the differences for all Hispanics were lower than those for any other racial/ethnic group. Although for non-Hispanic Whites, non-Hispanic Blacks and other non-Hispanics, self-reported weights were lower as compared with corrected weights by 0.5-0.6 kg, for Hispanics, they were lower by about 0.3-0.4 kg. Self-reported weights for those who were underweight (BMIo18.5 kg m
À2
) were higher than corrected weights by about 0.2-0.3 kg. Self-reported weights for those who were of healthy weight (18.5pBMIo25 kg m À2 ) were lower than the corrected weights by about 0.25 kg. Those who were overweight (25pBMIo30 kg m À2 ) reported weights that were about 0.5 kg lower than corrected weights. Obese participants (BMIX30 kg m
) reported weights that were about 1.25 kg lower than corrected weights.
Overall, compared with corrected heights computed using NHANES-based prediction equations, self-reported heights Regression model to predict obesity prevalence RB Jain Regression model to predict obesity prevalence RB Jain (Table 5 ) were higher than corrected heights for the overall population by 0.02 m (2 cm) for each BRFSS survey year. For males, self-reported heights were higher than corrected heights by 0.02 m (2 cm); for females, they were higher by 0.01 m (1 cm). For younger age groups up to 40-49 years, self-reported heights were higher by 0.01 m (1 cm) and there was not much of a trend over different survey years. Self-reported heights were higher than corrected heights by 0.02 (2 cm), 0.03 (3 cm) and 0.05 (5 cm) m for age groups 50-59 years, 60-69 years and 470 years, respectively. For all racial/ethnic groups, selfreported heights were higher by 0.02 m (2 cm) over survey years 1999-2007. The same was true for all BMI categories. Self-reported obesity prevalence rates, as compared with corrected rates for the overall population, were lower, ranging from 4.4% in 1999 to 5.5% in 2007 (Table 6) . Although for males, they were lower by 4.5-5.8%, for females, they were lower by 4.4% in 1999 to 5.1% in 2007. The differences between self-reported and corrected obesity prevalence rates have become larger over time. It was found that prevalence of obesity increased as age increased until 60-69 years of age, based on both self-reported and corrected BMI. The self-reported obesity prevalence as compared with corrected obesity prevalence was lower by 1.8-2.8% for the age group 18-29 years; 3-3.7% for the 30-39-year age group; 3.5-4.9% for the 40-49-year age group; 5.1-6.3% for the 50-59-year age group; 7.3-8.6% for the 60-69-year age group; and 9.3-11.6% for the X70-year age group. In other words, the difference between self-reported and corrected prevalence rates increased with an increase in age. Self-reported prevalence was lower than corrected prevalence by 4.4-5.7% for non-Hispanic Whites, 4.8-5.9% for non-Hispanic Blacks, 4.1-5.1% for Hispanics and by 3.3-5.1% for other nonHispanics over 1999-2007. Corrected obesity prevalence rates were highest for non-Hispanic Blacks, followed by Hispanics, non-Hispanic Whites and other non-Hispanics.
We also tested to determine whether corrected obesity prevalence rates were still increasing over time for the 1999-2007 BRFSS data. The Cochran-Mantel-Haenszel test for trends showed that obesity prevalence continued to increase over time for the overall population, as well as for each gender, age group and race. In each case, P-value was o0.001. We also evaluated the amount of yearly increase in corrected obesity prevalence rates. Corrected obesity prevalence rates for females increased at a rate of 0.93% per year (Table 7) , at a somewhat slower rate than that for males, for whom the increase in obesity prevalence rates was 1% per year. The increase in obesity prevalence rates was highest for the age group 30-39 years (1.14% per year) and lowest for the age group 70 years and older (0.57%). Prevalence rates increased by 1.09% per year for non-Hispanic Blacks and by 0.89% per year for Hispanics.
To compare predicted obesity prevalence rates for BRFSS as compared with NHANES, we averaged obesity prevalence rates in BRFSS for every 2-year survey period. For example, obesity prevalence rates for 1999-2000 were obtained by taking the average of obesity prevalence rates for survey Regression model to predict obesity prevalence RB Jain years 1999 and 2000. The results are presented in Figure 1 . BRFSS predicted rates were 5-6.2% lower than NHANES predicted rates for the overall population (lower by 3.1-4.7% for males and by 5.6-8.9% for females; data not shown). This was observed in spite of the fact that the differences between NHANES predicted and measured rates varied from 1.4 to 2.4% for the overall population (from 2.6 to 3.9% for males and from 0.1 to 0.9% for females, data not shown). These results must not be viewed without noticing that the selfreported BRFSS rates were 4.3-6.4% lower than NHANES selfreported rates for the overall population (lower by 2.1-4.4% for males and by 5.3-8.3% for females; data not shown). These differences are reflected between BRFSS predicted and NHANES predicted rates.
Discussion
In this study, we used data from NHANES 1999-2006 to develop regression models to predict corrected weight, height and obesity prevalence from self-reported data. The sensitivity obtained in our study using corrected data was higher than in the model developed by Nyholm et al. Regression model to predict obesity prevalence RB Jain contractors, and therefore, the quality of data may vary from state to state. Because of the differential reporting of weights and heights in different states due to differentials in perception of weight and height, it is possible that the model developed in this study may not be applicable to every state equally well, and this is why we did not present obesity prevalence data by state. Although NHANES reports data every 2 years and all trends are based on biannual data, BRFSS collects annual data. This does not seem to be able to explain this discrepancy, because in our own analysis, we did not find this to make a difference. The other reason we can think of may be the correction applied to BRFSS data, which was based on NHANES data. The differential in the mode of collecting self-reported data may have thus made a difference. This may be especially true if after the in-house interview, respondents knew that they would be asked for height and weight measurements. They are likely to be more truthful under these circumstances. In fact, Ezzati et al. 35 did report that self-reported bias for weight in telephone interview was larger than that in in-house interviews. In addition, except for older adults, height was overreported more often in telephone interview than in the in-house interview. On the other hand, unweighted sample size for BRFSS is much higher than that for NHANES. For example, in 2005-2006, the NHANES sample size was 4983 and the sample size for BRFSS in 2006 was 347 790, about 70 times larger than that of NHANES, which should favor prevalence rates based on BRFSS data. As such, the only thing that can be stated is that results obtained from either NHANES or BRFSS should be interpreted with caution. In our opinion, issues such as lower self-reported obesity prevalence rates for BRFSS than for NHANES could be, to some degree, resolved by adopting uniform quality control and data collection procedures across states, and computations of national rates could be improved by developing national sampling weights rather than by applying statewide weights. In addition, for a randomly selected small sample of participants from BRFSS, weights and heights could be measured and correction models could be developed on the basis of measured and self-reported data for this subset. The regression coefficients estimated from this subset could then be applied to the remainder of the data to compute corrected weights, heights, BMI and obesity prevalence rates for overall BRFSS. Although this idea sounds good, the success of this idea will depend on how representative of the overall population this small subset could be and whether model stability built on this subset could be assured. Unless the magnitude of obesity prevalence is known accurately, it is not possible to know with certainty what resources will be needed and where to allocate them. Because of the nonavailability of measured data by trained technicians in such important surveys as BRFSS, 31 which is the biggest source of health risk data at state and local levels, self-reported prevalence of obesity as compared with corrected data has been consistently lower over the years by up to 5.9% (Table 6 ). Similar results have been reported elsewhere 34 when comparisons are made between the prevalence rates of those surveys that collect data over the telephone, such as BRFSS, 32 and those that collect data in person, such as NHANES. 33 It should be of concern that, for females, self-reported data on obesity prevalence rates were lower by as much as 5.1% compared with the corrected prevalence rates. The US population of females aged 18 years and above in 2007 was over 116 million (www.census.gov). This means that, at the minimum, 5.9 million females who are obese may have been classified as nonobese. However, it is not known how many of them are seeking treatment on their own (for example, by joining outfits such as fitness clubs or after their physician in a routine examination may have determined them to be obese) and how many are not seeking any treatment because they either do not know that they are obese or they know that they are obese but, for whatever reasons, have determined not to seek treatment. Irrespective of the treatment issues, such magnitude of misclassification may create a possibility that enough resources to treat them may not be available and/or the accurate estimates of needed resources may not be known. The same applies to Hispanics with about 4.5% difference between self-reported and corrected prevalence in 2007. As the Hispanic population in 2007 was 30.1 million (www. census.gov), the affected population was about 1.4 million.
In addition, implications of not being able to identify and provide preventive and/or curative treatment at an early stage to those who are obese and/or are prone to being obese could be substantial in terms of development of health conditions and diseases that are associated with or that ensue obesity. If obesity remains untreated at early stages, as mentioned in the Introduction, this could lead to hypertension, 6 -8 cardiovascular diseases, 10 diabetes, 2-5 abnormal lipid levels 1 and even psychiatry disorders. 25 Thus, untreated obesity could lead to diseases that are not only fatal but also impose even greater economic burden on society.
Conclusion
In this paper, we have presented regression models to predict corrected weights, heights and obesity prevalence from selfreported data. As shown by us, the models presented by us improved the sensitivity of obesity prevalence compared with that reported elsewhere, 34 and took into account the variations in self-reporting behavior that may exist between different race/ethnicities.
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